Semiconductor nanocrystal quantum dots are exploited for use in a number of optoelectronic devices that typically consist of multiple materials [1, 2] . However, these nanocrystal emitters are typically non-specifically assembled without recognizing surface materials in these devices. Non-specific assembly of quantum dots has been commonly realized by immobilizing quantum dots in a host polymer or closely packing them without using any host polymer. Such non-specific assembly undesirably leads to several drawbacks in their use on optoelectronic devices including applicability problems and main challenges in fabrication processes. Furthermore, specific assembly of nanocrystal emitters onto targeted regions in an optoelectronic device is required to make molecular scale devices. To address these demands, we demonstrated directed immobilization of the nanocrystal emitters only on the targeted specific regions homogeneously on multi-material patterned optoelectronic microchips in a controlled manner by using genetically engineered peptides for inorganics (GEPIs) as smart molecular linkers.
Semiconductor nanocrystal quantum dots are exploited for use in a number of optoelectronic devices that typically consist of multiple materials [1, 2] . However, these nanocrystal emitters are typically non-specifically assembled without recognizing surface materials in these devices. Non-specific assembly of quantum dots has been commonly realized by immobilizing quantum dots in a host polymer or closely packing them without using any host polymer. Such non-specific assembly undesirably leads to several drawbacks in their use on optoelectronic devices including applicability problems and main challenges in fabrication processes. Furthermore, specific assembly of nanocrystal emitters onto targeted regions in an optoelectronic device is required to make molecular scale devices. To address these demands, we demonstrated directed immobilization of the nanocrystal emitters only on the targeted specific regions homogeneously on multi-material patterned optoelectronic microchips in a controlled manner by using genetically engineered peptides for inorganics (GEPIs) as smart molecular linkers.
In our study, we first examined the conventional method in which peptides and quantum dots were immobilized in film layer by layer, one after the other. For that, we used biotinylated GEPIs as nanocrystal linkers and streptavidin functionalized CdSe/ZnS core-shell nanocrystals (SA-NCs) as emitters. Here GEPIs were selected and screened by cell surface or phage display methods and demonstrated to have strong affinity towards targeted materials [3] [4] [5] . Different from the commercial linkers, such as thiol or silane, these GEPIs feature specific material binding capability. In this study, we exploited in particular quartz binding peptide (QBP1) designed using a novel bioinformatics knowledge-based approach [6] . These samples were evaluated against a negative control group in which SA-NCs were immobilized in the absence of bio-QBP1. Even though the samples prepared with bio-QBP1 showed higher photoluminescence (PL) compared to the control group, they suffered from nonuniform distribution of the nanocrystal emitters on the silica surface and, consequently, their optical properties were not reproducible. These results indicated that the assembly of quantum dots in this case was diffusion limited due to stationary biotin film on the peptide functionalized quartz surface. This limited diffusion of quantum dots hindered the interaction between SA-NCs and bio-QBP1. To address this issue, in a new approach, we proposed decoration of SA-NC with bio-QBP1 before assembling them on the surface, by first mixing them in a buffer solution and then immobilizing them together on the surface (Figure 1 ). The samples prepared by the new method exhibited remarkable improvements in the photoluminescence intensity, with more uniform distribution of nanocrystal emitters on the surface (Figure 2 ). The samples prepared using the new method showed 270-fold enhancement in the photoluminescence intensity compared to the control group, while the samples in the conventional method had only 5-fold enhancement.
In terms of binding properties, Figure 2 demonstrates that our new method was about 55 times better than the conventional one. In our studies, we also comprehensively explored the selective and specific self-assembly of the quantum dot emitters on multi-material patterned optoelectronic microchips consisting of minimum three distinct materials, e.g., Au/silica and GaN/silica (as shown in Figure 1 ). Here, by using our new method, we observed that QBP1 functionalized quantum dots differentiates the silica surfaces from other surfaces and bind only to the silica patterns on a multi-material microchip e.g., with Au or GaN (Figure 1 (b) and 1(c)). In both cases, QBP1 covered nanocrystals showed significantly weak affinity towards Au and GaN surface when compared to the silica surfaces. In these characterizations, photoluminescence intensity of the silica patterns covered with red-emitting NCs was 9 times stronger than both Au and GaN surfaces, demonstrating multi-cross-specific binding on optoelectronic microchips for the first time.
In summary, we demonstrated material-specific binding of the quantum dot emitters hybridized with GEPI on multi-material patterned microchips. These proof-of-concept results open up new opportunities in nanophotonics, allowing for more specific and controlled assembly of quantum dots in optoelectronic devices and building of novel molecular organic-inorganic hybrid devices.
